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The title of this essay is paradoxical and intentionally so. It aims, as do all paradoxes, at alerting the mind to something that should be obvious, but is not necessarily so. For little attention is paid to the obvious fact that whatever one's idea about
science, it does not reflect a consensus about it. In fact there are almost as many
ideas about science as there are philosophers of science. But there is at least one

aspect or feature of science which must be included in all ideas about it. Indeed, as
will be seen, that feature guarantees a limitless application of science or of the scientific method, and, at the same time, constitutes its most tangible limit. The feature
relates to the fact that for a proposition or reasoning to qualify as science, it must be
subject to being tested in the laboratory, or, in general, by scientific instruments.
This does not mean that a reasoning which cannot be tested in the laboratory is
unreasonable. It is not possible to dispute, without waxing philosophical, that philosophy is not a reasoned discourse. Theology, as cultivated within Christian circles,

was long ago proposed as a science by no less intellects than Augustine and
Thomas. But they and an army of lesser though still eminent intellects called philosophy and theology a science only because they saw in it a discourse consistent with
its basic premises and presuppositions. It is in that sense that they took philosophy
and theology for scienria. One wonders whether they would insist on that name
nowadays when the word science has a very special meaning attached to it That
special meaning is tied to the word laboratory and the kind of work done there.
For although the word "laboratory" may, etymologically, mean any place where
one "labors," it actually denotes a place where one works for one single purpose: to
make observations or measurements which are accurate, so that accurate predic-
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tions may be made on their basis. Science, in that sense, is synonymous with measurements, which are accurate because they can be expressed in numbers. Those numbers
relate to tangible or material things, or rather to their spatial extensions or correlations
with one another in a given moment or as time goes on. All the instruments that cram
laboratories serve the accurate gathering of those numbers, or quantitative data.
This is most evident with respect to physics, the most exact form of what in modern
times is called science. Any branch of physics is an example of this. There is a science of
dynamics because something about what is perceived as attraction among bodies can be
measured. There is a science of acoustics because the intensity and speed of sound are
measurable. There is a science of optics because a great many things can be measured
about light rays, such as the diminution of their intensity with distance, and their ways of
propagation. There is a science of electricity, because one can measure the magnitude of
electric charges and the forces of attraction and repulsion among them. There is a science
of electromagnetism because it is possible to measure the interaction of electrical and
magnetic forces that generate electromagnetic waves. These in turn have velocity, amplitudes, frequencies, and a number of other parameters that can be measured. There is
atomic and nuclear physics because atoms and their nuclei have measurable properties.
Astronomy is a science because the size of stars, their distances from one another, and the
processes within them can be so many objects of measurement.
Outside physics, all branches of science have tried to emulate physics by restricting
their work as much as possible to measuring. In that respect chemistry has achieved a status of exactness practically equivalent to that of physics. Great advances have been made
toward exactness in biology ever since Harvey made measurements that revealed the circulation of the blood through the body. Every page of modem molecular biology and
biophysics attests to the overriding importance of measurements.
In very recent times psychologists, historians, sociologists, and economists claimed for
their studies a scientific status. One speaks today even of political science, or the science
of politics. The reason is that in all those fields a great deal of systematic data gathering
can take place on the basis of which much can be said about future developments either
in individuals or in society. But whenever perfect accuracy is claimed for such predictions,
the free character of individuals and of society, together with the freedom of scientific
research, is called, at least implicitly, into doubt. At any rate, the gathering of data and
measurements in those fields never achieved a predictive accuracy which is on hand in
physics, astronomy, and chemistry. In all these fields, science is practically synonymous
with the very special work done in laboratories. The work is to take measurements.
Physicists have expressed in various forms their awareness of the importance which
measurements have in their efforts. In doing so they have also voiced crucial points about
what is involved in making measurements. One such point is the scientific status that can
be given to a branch of investigation insofar as it includes measurements. In fact, some
physicists spoke as if knowledge not based on measurements was mere "hot air," to recall
Lord Rutherford's aside to Samuel Alexander, a well-known metaphysician.' At other
times they merely hinted at the lower status of non-scientific knowledge. Such was the
case when Lord Kelvin, in discussing in 1883 the electrical units of measurement, recalled
a favorite comment of his on what constitutes science: "I often say that when you can
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measure what you are speaking about and express it in numbers, you know something
about it; but when you cannot measure it, when you cannot express it in numbers, your

knowledge is of a meagre and unscientific kind: it may be the beginning of knowledge,
but you have scarcely, in your thoughts, advanced to the stage of science, whatever the
matter may be." 2

There is no point in speculating to what extent Lord Kelvin wanted to slight thereby
other sciences and non-scientific branches of knowledge. Even in physics it was true that a
branch of it, or any theoty indeed, increased in scientific value in the measure in which it
involved measurements, that is, numerical values. The most concise expression of that

view is due to Robert Mayer, one of those who put the mechanical theory of heat on a
firm footing. His dictum, "In physics numbers are everything, in physiology they are a little, in metaphysics, they are nothing," 1 also states a parameter along which various branches of learning can be seen as qualifying in various degrees as science.
Mayer, a physician by training and profession, would, of course, find himself contradicted today by the role of numbers, that is, exact measurements, in physiology. His
remark on metaphysics could be justified only insofar as numbers were taken to be equiv-

alent to making measurements. Obviously, ideas cannot be measured by calipers or dissected by microtome. However, insofar as numbers represented the metaphysical category of quantities, Mayer should have known that the best metaphysicians have always
viewed the category of quantities as being above all other categories. More of this later.
Still, Mayer was correct in saying that in physics numbers were everything. In reference to
physics he was fully justified in declaring: "One single number has more real and permanent value than an expensive library full of hypotheses."' He had in mind his many years
of labor to establish as precisely as possible, and in most varied circumstances, the
mechanical equivalent of heat.
To that kind of labor, done in laboratories, physicists have often assigned the status of
judiciaiy tribunal for science. Einstein had in mind certain numerical values implied in his

general theory of relativity when he said in 1919 that "if a single one of the conclusions
drawn from it proves wrong, it must be given up; to modify it without destroying the
whole structure, seems to be impossible." 5 The experimental evidence that the separation
of the components of the fine structure "doublet" in H, is only 96 percent of that predicted by Dirac's relativistic quantum theory, forced the working out of quantum electrodynamics. Many other examples are provided by classical and modem physics about the
supreme role played by measurements.
No wonder that physicists could speak of their being devoted to measuring things and
processes as if it had been an obsession with them. A Kundt, a physicist famous for his
measurements of the velocity of sound in gases and solids, once stated that "in the end
one might just as well measure the velocity of rainwater in the gutter.'' What he meant, of
course, was not a commitment to measuring for the sake of measuring, a sort of a scientif-

ic /'art pour /'art. He meant the establishment of a numerical figure that forms part of a
meaningful scientific theory. It was in that sense that F. Kohlrausch, a physicist also
famous for his painstaking as well as decisive measurements, found Kundt's suggestion
congenial to his own way of thinking: "I would be delighted to do so"'-was his comment.
Science is competent wherever and whenever the object of investigation offers a quan-
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titatively determinable aspect. The range of science is not limited either by the dimensions
of quarks or by the distance to the farthest galaxies. Science touches on all matterwhether solid, liquid, gas, plasma, or a mere flow of energy waves-insofar as matter is
extended and therefore measurable. Consequently, science is applicable wherever there is
matter in any form whatsoever, because all such matter has quantitative parameters. In
that sense science is limitless and its statements are unlimitedly, that is, universally valid
throughout the universe of matter.
It is another point that the total amount of matter, which is measurable, has to be
finite. An infinite amount of measurable matter would be the embodiment of an actually
realized infinite quantity which is, of course, a contradiction in terms. Again, it is another
matter that the quantitative ascertaining by science of the quantitative structure of matter
can never have an end to it. A physical theory can never be final for tvvo reasons. For
one, physicists can never be sure that they will never stumble on some previously unsuspected features of matter. Also, even if they were to succeed in formulating a "final" theory, they can never be sure theoretically whether it is really final. For as long as Gi:idel' s
incompleteness theorems are valid, the mathematical structure of that theory cannot contain within itself its own proof of consistency.Science, insofar as it deals with quantities, is not limited by non-quantitative considerations. No non-quantitative set of considerations, be they metaphysical, theological, or aesthetic, can set a limit to the competency of science. But this limitless character, which science enjoys with respect to the quantitative aspects of reality, is also the source of its drastic limitedness. This is clear even within that most quantitative of all sciences which is
physics. Thus to take only one branch of physics, electromagnetism, its scientific status
rests on the fact that electromagnetic waves have measurable properties. Perplexities
envelop that status no sooner than one yields to logic by saying that if there are waves,
electromagnetic or other, there has to be something which performs that wave-like
motion. For if that something is called electricity, an answer is given that appears satisfactory until one asks: what is electricity?
An answer to that question evades the physicist. This was admitted even by Lord
Kelvin, who stuck to the end to his conviction that ultimately every physical process and
property had to be mechanical. Yet this was not what he said to a young foreman in a big
Glasgow electrical equipment factory, who happened to guide through the plant the great
physicist, without recognizing who he was. After Lord Kelvin listened with great patience
to elementary instructions about condensers, insulators, magnets, and whatnot, he decided
to give a gentle lesson to the all-knowing young man, by asking him: "What is electricity?"
On finding, not surprisingly, that the young man was at a loss for words, Lord Kelvin gently
assured him: 'This is the only thing about electricity which you and I do not know."'
Physicists are, of course, apt to answer that electricity is a field, like gravitation. But then
another question can be raised: What is a field? If we answer that a field is an oscillation,
the answer begs the question: what is it that oscillates? A particular difficulty arises if one
goes on to quantum electrodynamics with its fields of zero-point oscillations in the vacuum. Can such a vacuum be really empty, as it should if it is truly a vacuum"
The quantum-mechanical vacuum and its no less baffling conceptual affiliates are but
the latest in the long list of such questions. Already in Newton· s time it was realized that

The Limits of a Limitless Science

27

physics cannot answer the question: what is gravitation? Physics could only establish the
fact that what is called gravitation has a quantitative property, known as the inverse square
law. Almost two hundred years later, when Maxwell worked out his electromagnetic equations, much effort was spent, but in vain, on finding out what it was that acted according to
those equations. The most popular theory, indeed conviction, was that the something in
question was the ether, but physicists could not measure anything about it. They could not
even measure a presumed effect of it on the speed of light beams sent through it.
This famous null-result of Michelson's experiments forced physicists to declare the
ether to be non-existent. Indeed this conclusion of theirs was valid insofar as the ether

was thought of as something material and therefore an entity with measurable properties.
Even today, after all the successes of quantum electrodynamics, physicists cannot improve
on Heinrich Hertz, the first to demonstrate effects predicted by Maxwell's theory, effects
naturally interpreted as produced by electromagnetic waves. In an almost despairing tone
Hertz wrote: 'Maxwell's theory is Maxwell's system of equations.'' Such is a concise
expression of the radical limits put on science to say anything about the so-called electromagnetic medium, be it called field or vacuum or whatnot.
Maxwell's equations, like all other equations of physics, are a set of quantitative correlations. Nothing more, nothing less. And the same can be said of the tensor equations of
the general theory of relativity and of the matrices and wave equations of quantum
mechanics. In other words, if Hertz's remark is right, one can say that Einstein's general
theory of relativity is Einstein's system of equations, or a set of generalized quantitative
correlations. Indeed, one may say that all theories of physics are generalized sets of quantitative correlations.

This conclusion sets very sharp limits to the applicability of science: wherever reality
offers aspects with no quantitative properties to be measured, science is not applicable. In
addition, as will be seen, the scientific specification of those quantitative properties cannot

be taken for an initial installment on specifying non-quantitative properties of the same
reality. Quantities forever remain quantities, conceptually that is. This is, however, not
something to trouble scientists insofar as they assume, on the basis of common sense wisdom, that there are things and processes to measure and they are satisfied with measuring

some features inherent in all things. But the same restriction of the applicability of science
keeps troubling some scientists. These, being overawed by the success of the quantitative
method, think that science should be applicable in every field of human experience and
reflection.

This conviction of theirs can manifest itself in an almost incidental, yet very startling
manner. A good example of this can be found in a chapter which deals with 'The Flow
of Dry Water," that is, non-viscous flow, in the Feynman Lectures, a highly regarded textbook on physics. There Feynman makes two final remarks. One is that from the relatively
simple principles governing non-viscous flow an "infinite variety and novelty of physical
phenomena ... can be generated; ... we just haven't found the way to get them out."'"
This may be taken merely for an ambitious program for physics, provided one does not

take the words, "physical phenomena ... can be generated' for an endorsement of some
ill-digested form of Platonism where numbers produce physical reality.
But a worse perspective, that has nothing to do with physics, transpires from
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Feynman's next remark;, which he bemoans the fact that "today we cannot see whether
SchrOdinger' s equation contains frogs, musical composers, or morality-or whether it does
not." 11 Feynman does not say categorically that it does. Yet by taking as plausible the possibility that Schri:idinger' s equation may contain all that, Feynman claims that science is
limitless in a sense very different from the one already stated, namely, that science is
applicable wherever there are quantitative properties to measure. This unlimitedness of
science is extended by Feynman into a sweeping suggestion with no restriction whatsoever: Not only matter but everything else, morality included, can be measured, and indeed
is contained in some future form of physics.
What Feynman put forward in an almost incidental way, other prominent physicists
present in a systematic manner. An example is Roger Penrose' s book, The Emperor's New
Mind There he argues that some new, and so far unknown form of general relativity,
which is quantized and therefore statistical, will contain the full explanation of all human
thought. There is much more to Penrose' s idea than the far from demonstrated claim that
thoughts can be measured. What Penrose really claimed was the old Platonic idea that
ideas of quantities necessarily turn into real matter with quantitative properties. Therefore,
since mathematical physics is the best way of dealing with the quantitative properties of
matter, mathematical physics is declared to be all that we need in order to cope with existence, material as well as intellectual and moral. 12
A variation on this claim is found in Stephen Hawking's book, lhe First Three Minutes,
According to its grand conclusion, a theoretical cosmology, which is so perfect as to be
free of boundary conditions, automatically assures the existence of the universe. 1i Another
prominent physicist, A.H. Guth of MIT, relies even more crudely on this rather naive
cavorting, in the name of physics, with Platonism. According to him quantum cosmology
gives the scientist the power to create universes "literally" and "absolutely out of nothing."14 If, however, physics turns the physicist into a Creator, there remains absolutely no
limit to science.
Now, if such scientifically coated claims are true, one might as well follow the advice
which David Hume gave at the end of his Enquiry Concerning Human Understanding and
burn all books except those that contain quantities and matters of fact. 15 Obviously,
Hume meant only those facts that were material and therefore could be measured or
evaluated in terms of quantities. At any rate, ever since Hume the book burning recommended by him has been busily done, at least in a metaphorical sense, It is, however, well
known that during the French Revolution and kindred ideologico-political revolutions,
pyres were made of books that lacked quantities and matters of fact as understood by
Hume, Metaphorically, that book burning can be done (and this is the way it is done in
the name of science!, by declaring that anything that cannot be measured is purely subjective, almost illusory. Einstein himself claimed that since our experiencing the "now," which
is the very center of human consciousness. cannot be measured, it is a purely subjective
matter. He said the same thing about free will as
But then should a scientist accept a prize, say the Nobel Prize, for his work if he was
not really free when he worked for his discoveries? Are we to reward sheer automata
with huge and prestigious awards7 But how would this be a non-automatic process? In
order to have a proper answer, one should first recall the penetrating observation of a sci1

('
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enlist, Henry Poincare, who, about a hundred years ago, called attention to an elementary
fact: "Even a determinist argues non-deterministically."" Clearly, both within and outside
science, the claim that science has no limits would, if rigorously applied, lead to absurd
consequences.

Nothing would remain of the criminal justice system, if a criminal could claim, with a
reference to Einstein, that his consciousness of having committed this or that crime was
purely subjective. Should criminal justice courts admit purely subjective evidence and
impose, on that basis, huge prison terms 7 If free will is purely subjective, what becomes of
arguments, either scientific or philosophical, against free will? Those arguments then can-

not be submitted as having objective validity. But an argument which is not the result of
free deliberations, is not an argument. If, however, those arguments against the freedom
of the will are not purely and blindly mechanistic processes, they are so many proofs of
the existence of free will.
Such consequences are at times blissfully ignored by prominent scientists. Worse, they
fail to notice that even in their own scientific field mere measurements and quantities do
not suffice. A telling illustration of this comes from the Einstein memorial lecture which

Professor Watson, the co-discoverer of the double helix structure of DNA molecules, gave
at Princeton University on February 16, 1995. There he amplified his statement that all
human life can be described in terms of molecules, with the words: "There is no need to
invent anything else." 19

Should one then say that life as such does not matter, because it cannot be observed
or measured, in spite of the enormous successes of biochemistry, biophysics, microbiology, and genetic research 7 They certainly show the enormous extent of measurable parameters in life processes. But life itself still cannot be measured. Therefore, scientifically

speaking, life does not exist. This paradoxical fact was in the mind of Claude Bernard, the
great French physiologist, when he made, around 1860, one of his famous statements.
On being asked whether, in reference to life, he was a vitalist or a mechanist, he replied
that he had never seen life.'° This was his way of calling attention to the fact that by
becoming either a vitalist or a mechanist, one moved beyond science. There remains,

indeed, much more to the question, "What is Life?" than can be dreamt of by biochemists
or biophysicists who take the mechanistic outlook on life. Equally, biologists who espouse
vitalism are dreaming when they imply that they can see experimentally purposiveness,
this chief characteristic of life processes. Just as the mechanistic interpretation of life is a

philosophy, so is vitalism. Both are bad philosophies, though in an opposite sense. In the
former the claim is made that just because something (purposiveness) cannot be measured, it does not exist. In vitalism the claim is made that somehow purposiveness can be
measured and therefore becomes part of experimental science.

Contrary to the claim that DNA is the secret of life, life remains the secret of DNA.
Microbiology has not found a quantitative answer to the apparently purposeful action in
all living things, from cells to mammals. Microbiology has not found a quantitative answer
to the question of free will. Brain research cannot answer the question, "What is that

experience, called 'now,' which is at the very center of consciousness?" For even by finding the exact biochemical conditions that are connected with the personally felt consciousness of the "now," the question what is that "now" remains to be answered. While
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brain research may establish the biochemical processes whenever a given word is thought
of, it cannot account for what it is for a word to have a meaning. 21
Faced with that inability, the scientist can take two attitudes. One rests upon the mistaken conviction that the scientific method is everything and whatever cannot be
expressed in quantitative terms, is purely subjective, that is, illusory. Such was, as noted
already, the attitude of Einstein, who claimed that consciousness and free will are not
objective realities, because they cannot be handled by physics. He might as well have
called them sheer illusions. Clearly, it is better to take another attitude and acknowledge
that there are some basic limits to a limitless science. Those limits appear as soon as a
question arises that cannot be put in a quantitative fonn and therefore cannot be given a
quantitative answer to be tested in a laboratory.
Such are indeed all the major questions of human existence. To answer the question,
'To be or not to ber we cannot tum to a science textbook. Strictly speaking, for Hamlet
the question meant a choice between two courses of action: one was to continue to live
by ignoring an immoral situation. The other was to take revenge and run thereby the risk
that one's physical being would come to an end. Already that moral choice demands far
more than some quantitative testing in a laboratory.
But Hamlet's question, "to be or not to be," has a meaning even deeper than whether
an act is moral or immoral. That deeper meaning is not merely whether there is a life
after death. The deepest perspective opened up by that question is reflection on existence
in general. In raising the question, "to be or not to be," one conveys one's ability to ponder existence itself. In fact every bit of knowledge begins with the registering of something
that exists. To know is to register existence. But this is precisely what science cannot do,
simply because existence as such cannot be measured. Yet, worse than impotency is on
hand in thinking about existence when it is done in terms of a philosophy that apes scientific parlance. A philosopher, no matter how eminent, makes a mockery of his field when
he keeps asserting that "To be ... is to be the value of a variable."" Compared with this, it
may strike one as an innocent joke to say, as did a graduate student of physics, that
Hamlet was an internal combustion engine, with a very low efficiency, because he could
have prevented the death of six people by simply killing one, his mother."
When science establishes, for instance, the quantitative knowledge that the earth's
diameter is so many kilometers, it presupposes first of all the fact that something, the
earth, does exist. And this holds true of any quantitative result of science, such as atomic
radii, distances to other galaxies, the characteristic wavelength of the cosmic background
radiation, etc Atoms and galaxies are useful objects for science because they exist in such
a way as to have quantitative properties. Moreover, science can, by refining more and
more its measurements of those properties, establish such sets of them that are conveniently called new subatomic entities.
But it would be mistaken to assume, although this is customarily done, that science, or
rather its quantitative method, finds new entities in the ontological sense. Science merely
uncovers new aspects in the vast gamut of material existence. Were it otherwise, one
would endorse the Platonic fallacy that it is the quantitative properties that give existence
to material entities. Moreover, were such the case, nothing would exist that cannot be
given a quantitative formulation. In that case such words as conscience, free will, purpose,
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moral responsibility, to say nothing of the soul, would be so many empty words, standing
for anthropomorphic illusions. But, there would not be, in that case, even scientific
investigations, because there would be no scientists who would investigate things freely

and be conscious of the fact that they are investigating.
In other words, there is a most fundamental limit to a limitless science. Science has no
limits whenever it finds-and in whatever form-matter or material properties. There is no
limit, for instance, to measuring the physiological processes that take place in the brain
when one thinks as much as a single word. It is possible that one day brain research will
be so advanced and exact as to give a complete quantitative account of all the energy levels of all the molecules in the brain when one makes the conscious reflection on the
"now." But even then there remains the radically non-quantitative character of that experi-

ence, a character clearly recognized by Einstein. He merely failed to recognize the limits of
science when he stated that whatever cannot be measured and therefore be expressed in
quantitative terms, cannot be objectively real.
Einstein failed in this respect, as did and do so many other prominent scientists. He

failed a test to which his great idol, James Clerk Maxwell, gave the best formulation.
Tawards the end of his most distinguished career, Maxwell put in print the following
words: "One of the severest tests of the scientific mind is to know the limits of the legitimate application of the scientific method."" That method can be legitimately applied
wherever one can find experimentally verifiable quantities.

The expression, "experimentally verifiable quantitites," is crucial. Theology too deals
with quantities. Theology states that there is one divine nature in three divine persons;
that in Christ two natures exist in one person; that there are seven sacraments and four
canonical gospels. But none of these numbers can be tested in laboratories. Nor can there

be a laboratory test of the philosophical and theological tenet that the world was created
out of nothing. There can be no such test because the nothing, insofar as it is radically no
thing at all, cannot have observable and therefore measurable properties. For the same
reason science cannot establish the first moment of cosmic existence. For to prove that

moment to be truly first, one has first to show that nothing preceded it. Such is, however,
a purely negative proviso that cannot be given a quantitative, that is, scientific verification.
Nor is the universe as such an object for science. Scientists cannot go outside the universe

in order to observe the whole of it and thereby give to their knowledge of the universe
that supreme scientific seal, which is observation with measurement.

Moreover, the notion of the universe is the vastest of all generalizations, although in
more than a purely quantitative sense. The notion of the universe is the supreme form of
universals. Quantitative or experimental considerations, that always relate to the particu-

lar, remain wholly insufficient to justify the validity of the universals, including above all
the universe. Indeed, no branch of modem science, with one exception (evolutionary

biology, of which more shortly), is so fundamentally dependent on philosophy as is scientific cosmology, and in no other field of science is philosophy more ignored, and indeed
scorned.
In scientific cosmology, insofar as it deals with various components of the universe such

as galaxies and globular clusters, philosophy can be safely ignored. The scientist merely has
to assume, on a commonsense ground, that those objects do exist because they are observ-
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able. Only when it comes to the universe as such, do scientific cosmologists claim to know
something whose existence only a rigorously articulated philosophy, respectful of the universals, can demonstrate. 2> But in evolutionary biology one comes across indispensable
philosophical terms at almost every step. Concerning the species, it is something that cannot be observed. Yet it has to exist if it is right to talk about the origin and transformation
of species. One can get around this problem, which involves the philosophical problem of
knowing universals, by defining a species as the totality of all individuals that can interbreed. But when we go to the genus and to even higher units, up to families, orders, phyla,
and kingdoms, that definition does not do. Again, only the great generalizing powers of the
mind can enable the evolutionary biologist to see a continuous connection along the
paleontological record, although, as recent findings show, it is more riddled with huge holes
and discontinuities than ever suspected.
Yet most evolutionary biologists have only contempt for philosophy, although it alone
can justify their great unifying vision, which is much more than science, strictly speaking.
What they do is climb the rungs of an essentially philosophical ladder in order to see
much farther than would be allowed, strictly speaking, by the data on hand. However,
once at the top of the ladder, they haughtily kick it away. In doing so they follow the
example set by Darwin. With Darwin they try to discredit philosophy with their science,
although philosophy enabled them to raise their eyes to heights where biological evolution can be seen, though only with the eyes of the mind. No wonder that the present-day
perplexity of some leading paleontologists evokes the fate of Humpty Dumpty.
But just as scientists cannot ignore philosophy, philosophers and theologians can only at
their gravest peril ignore the fact that quantitatively verifiable parameters as such lie outside
their competence. Herein lies a basic limit of theology, philosophy, and various branches of
the so-called humanities. The truth of any philosophical and theological statement that contains experimentally verifiable quantities, depends on experimental or laboratory verification, with measurement being its very gist. This verification only science can provide.
Conversely, genuinely philosophical statements cannot have a scientific verification, which
always has to be experimental and therefore quantitative, derived from measurements.
Experimentally verifiable quantities represent a basic demarcation line betvveen the sciences and other forms of reasoned discourse, such as philosophy, theology, and so forth.
In essence this point was concisely stated already in the Categories of Aristotle. This is not
to suggest that there is strict logic in his listing number and speech (syllables) as "discrete"
quantities and space and time as "continuous" quantities. But there is a perennial truth in
his observation that there is no common boundary between two numbers. Nor is it possible to dispute his statement that "the most distinctive mark of quantity is that equality and
inequality are predicated of it." Consequently, within the Aristotelian perspective numbers
do not admit contraries such as the ones that occur between celestial and terrestrial
motion, as well as among the basic types of motion (upward and downward) below the
orbit of the moon. Moreover, "quantity does not admit of variation of degree. One thing
cannot be two cubits long in a greater degree than another. Similarly with regard to number: what is 'three' is not more truly 'three' than what is 'five' is five." 2D
Leaving aside Aristotle's dicta on space and time, let alone syllables, it should be clear
that equality and inequality are, unlike numbers, not absolute, but relative properties that
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reflect our judgments of similarities among various things. These similarities cannot be
translated into absolutely valid numerical propositions. To quote Aristotle: 'That which is
not a quantity can by no means, it would seem, be termed equal or unequal to anything
else. One particular disposition or one particular quality, such as whiteness, is by no
means compared with another in terms of equality and inequality but rather in terms of
similarity."" But it is precisely this kind of similarity that does not lend itself to strict, invariably valid, numerical evaluation.
Aristotle's own examples are worth recalling. A mountain, though a huge entity, can
be called small; and a grain, though puny, large. In both judgments comparisons or similarities are at play. Similarly, it is possible to say that a house has many people in it, whereas a theater only a few. All this is but an aspect of what Aristotle specifies, in taking up the
discussion of qualities, as the rule of the "more or less." Whereas all qualities can be presented as containing "more or less" of what is distinctive of them, this cannot be said of
numbers. Aristotle did not suspect that with the coming of science in the modem sense,
that is, a science in which quantities rule supreme, this quality of "more or less," so characteristic of his own physical science, would have to be jettisoned. 28
While Aristotle correctly specified the most important feature of quantities, he himself
did not pay proper attention to it as he set forth his accounts of the celestial and terrestrial
world. There his "qualitative'' physics led him, time and again, into implicitly quantitative,
and at times explicitly quantitative inferences that could not be reconciled with what was
plainly observed. Thus, it should have been obvious in Aristotle's time that bodies of
greatly differing weights fall to the earth in remarkably equal times. Peripatetic physics
could have indeed been held up to well-deserved ridicule long before Galileo's time." It
was another matter whether it was right for Galileo to invoke Plato's reification of numbers in order to justify that equality and other geometrical or numerical features discoverable in the physical world.
Unfortunately, Aristotle did not set a pattern as to the conclusions to be drawn from
what he so incisively stated about quantities. Hence the pathetic opposition posed by
Averroist Aristotelians to the new physics of motion. To be sure, even three centuries
later one could still be puzzled by the fact that the law of inertial motion, in which there is
at least the continued novelty of spatial displacement, "worked," although it provided no
"explanation" of how the novelty came about. 30 Yet once one accepted with Aristotle the
special status of numbers or quantities, it should have been possible to state that spatial
as a purely quantitative proposition, implied no ontological factors. Not that
these factors were denied by the mathematical formalism of inertial motion; rather, mathematics could have no bearing on them. This is no less true of the Newtonian law of
accelerated motion. For that law too is independent of whatever philosophical or ontological definition one gives to the force being constantly at work in order to make real the
acceleration. For what Hertz said about Maxwell's theory of electromagnetism, can also
be stated of Newton's theory of gravitation: it is Newton's system of equations. Nothing
more, nothing less.
But it still goes against the grain to recognize that there is an insurmountable conceptual obstacle to the age-old striving after a unified form of knowledge. That obstacle lies in
the way of any form of reductionism, crude or refined, vicious or well-meaning This is

34

Jaki

not to suggest that there will soon be an end to efforts that want to reduce man, and all
his thinking and volitions, to a machine. Scientific reductionism is as strong, if not stronger,
than ever. But that obstacle also vitiates all efforts to "integrate'' science with philosophy
and theology. For if pathetic is the claim that qualities-in their broadest sense, that is insofar as they include value- and existence-judgments-can be reduced to quantities, so is the
effort to wring some theological truth out of any result of classical or modem physics. The
reason lies in what Aristotle had already stated conciseiy about the unique status, among

all categories, of the category known as quantity.
There is indeed an ineffaceable line of demarcation between the conceptual domain of
quantities and all other conceptual domains taken together. The conceptual domain of
quantities is a most special domain that stands apart from the rest because all terms
belonging to it have a peculiarly common characteristic. They all are strictly univocal, to
use a term that, though increasingly unfashionable, never becomes antiquated. Quantities
are like so many building blocks with well-defined contours. The coordination of those
blocks can, of course, be exceedingly complex and complicated. This is brought out by a
mere look at any advanced textbook of mathematical physics. But whatever that complexity and complicatedness, the art of handling those blocks-quantities-follows invariable rules. The art is always the same, because the art is a skill with the basic operations of
arithmetic.

One can, of course, philosophize about quantities, but the operations performed with
quantities have their own independence, precisely because quantities have a specific conceptual character that makes them distinct from all other concepts. All conceptualizations
of numbers can be compared to strictly defined building blocks that remain forever identical to themselves. This is why their addition, subtraction, multiplication, and division are a
straightforward matter, in principle at least All other concepts are amoebas by comparison, or even less definite. For amoebas, although they constantly change, have a strict
boundary membrane. Non-quantitative concepts have neither permanent shapes, nor distinct envelopes. This is why their definitions given in any dictionary are forever subject to
slight and, at times, drastic rewriting." This is what Whitehead wanted to convey in warning against the dream of a "Perfect Dictionary.""
What is actually being done in giving the dictionary definition of a word is to define it
in terms of some other words. In the case of quantitative concepts, say a number, such as
twenty, one juxtaposes so many unit areas. Thus the concept of twenty is the sum of
twenty units. To represent any number other than one may be done either by the addition or the multiplication of the unit area. The starting point is always the unit integer. But
there is no such strictly defined starting point when one defines non-quantitative words or
concepts. There one has to superimpose partially several non-quantitative concepts, each
corresponding to a given area which is not strictly circumscribed. Therefore that
superimposition is never absolutely fixed or definite, partly because the words constituting
the definition do not have distinct contours. Any definition of a non-quantitative concept
may therefore best be compared to the partial superimposition on one another of, say, six
or seven patches of clouds whose contours vanish at their presumed boundaries. The
meaning of the concept then corresponds to the area where all the concepts used in the
definition overlap. But the area of that overlap is not strictly definite.
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When viewed from a distance, such an overlap, like any cloud, appears with distinct
edges. This is why non-quantitative concepts function well in ordinary discourse. But
when they are subject to a close analysis, they seem to evanesce. Such is the reason for
the intellectual malaise created by logical positivism. On more than one occasion it
prompted despair about the possibility of knowing anything at all. One wonders whether
A.J. Ayer knew the true reason why he had to admit that almost everything was wrong
with logical positivism.ll The reason was the presumption that every good reasoning
should be a "scientific" reasoning. In other words, logical positivists looked for strictly
defined conceptual building blocks even within the non-quantitative realm, although there
only patches of fog could be found.
Yet those non-quantitative concepts do not become less real, just because it is not possible to ascribe them quantitatively exact contours. Patches of fog are just as real whether
looked at from a distance or from close range. Thus the notion of forest does not become
invalid just because a forest, when looked at close range, merely shows single trees. Nor
does the notion of forest become invalid just because it is not possible to define
quantitatively the number of trees that would constitute not merely a grove but a forest. It
is not possible to find the number of pages that would necessarily constitute a book and
not a mere pamphlet. It is quite an arbitrary matter when librarians, in their despair,
decide that 60 pages are needed at the minimum to make a book.
While no superimposition of patches of clouds would tum them into the kind of building blocks which quantities are, quantities would not remain quantities once deprived of
their strict conceptual contours. This radical difference between quantities and everything
else is still to be perceived in its true weight by champions of artificial intelligence, these
latter-day protagonists of reductionism. While quantitative concepts can be given "exact"
equivalents in the magnetic orientation of ferro-silicate domains within the chips, this cannot be done with non-quantitative concepts that represent the overwhelming proportion
of human conceptualizations. They include the crucially important value judgments and
existence judgments.
While this basic difference between quantitative and non-quantitative concepts may
appear madness from the viewpoint of artificial intelligence, the human mind has no problem in living with that difference. It is an often underestimated marvel of the human mind
that it can understand with equal ease quantities and qualities, an ease incomprehensible
within the perspective of artificial intelligence programming. The human mind can grasp in
a single act of knowledge entities, for instance, an aesthetically valuable painting, that convey ideas both quantitative and aesthetical at the same time and in the same act of perception. The mind is not disturbed by the fact that a human action, such as a step forward, is
fully describable in quantitative terms, and yet non-describable in those terms insofar as
that step was made really and freely, and for a purpose.
In order to awaken the minds of my readers and audiences to this fundamental fact of
irreducibility, I used to present them with a paradoxical-but I hope not irreverent-twist
to a statement in the gospel. The statement is well known: What God has joined together,
no man should separate. Twisted, the phrase would go: What God has separated, no man
should try to fuse together, lest confusion should arise. Human knowledge, whether we
consider it to have come from the hands of God or not, concerns two separate realms,
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quantities and non-quantities, and these two realms are irreducible to one another. It is
not profitable for man to chafe under that restriction. Those who did, whether on the

Hegelian right or the Hegelian left, created only confusion for themselves and others.
About quantities, insofar as they are embodied in matter and drawn out of it by measurements and mathematical operations, science alone is competent. In that sense, and in
that sense alone, science is unlimited, while remaining limited to quantities. All other
considerations that relate to non-quantitative features, are beyond the quantitative competence of science which is its sole competence. Conversely, quantitative considerations,
insofar as they are to be empirically verified or measured, are beyond the competence of
philosophy or theology, to mention only the principal fields of inquiry that do not aim at

measuring anything in sensible matter.
This distinctness between the quantitative and non-quantitative (qualitative) realms of
knowledge is not proposed as a starting point in knowledge. Sensory knowledge begins
with the registering of external reality, or things in short. This is true even though what is
most directly perceived in things is their size. This is why the category of quantities holds
first place among all categories. Or as Aquinas states, "accidents befall substance in a definite order. Quantity comes to it first, then quality, after that passivities and actions." To
continue with Thomas, "sensible qualities cannot be understood unless quantity is presupposed ... and neither can we understand something to be the subject of motion unless we
understand it to possess quantity." 34
This primary position of quantities among all categories is the reason for their conceptual

isolation among them. Q.iantities do not admit analogical degrees of understanding. This
constitutes their radical difference from other categories and even from substance and existence. Herein lies the error of those who, with Heisenberg in the van, tried to see in wave
mechanics something analogous to the Aristotelian doctrine of potency." One should therefore take it for distinct progress that physics has ceased to be called natural philosophy.
The inseparability of quantities from matter justifies the quantitative character of the
scientific method. Compared with it, all other considerations about science are of secondary importance, no matter how intriguing they may be. Unfortunately, for the past
thirty years or so, interpretations of science have been dominated by these secondary
considerations. We have learned a great deal about the psychological aspects of scientific
discoveries. We have learned much about sociological factors that promote or hinder scientific progress. We have learned a great deal about paradigm shifts, research programs,
scientific styles, and so forth. But because the basic feature as outlined above has not been
kept in focus, a great deal of confusion has arisen about science. One result of that confusion is the view that Taoist meditation is the chief propellant of the great insights of modem physics. To see that confusion for what it is, it is enough to contrast the definiteness of
numbers (including quantizations of the energy levels in the Bohr atom) with the indefiniteness of both Yin and Yang in their mutual interactions.
To cut through that confusion one need not be a scientist, one need not even be a
philosopher of science. One need only to remember the role of quantities in science. It
takes no advanced mathematics to ask about any proposition, whether it includes quantitatively determinable parameters. Inasmuch as it does, it is a scientific proposition. There
science, insofar as it verifies or disproves theories in their quantitative inferences, alone is
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competent. Insofar as that proposition contains parameters other than quantitative, other
branches of human discourse-philosophy, theology, esthetics, or whatnot-should be
resorted to in order to evaluate them.
This multiple approach demands mental discipline in no small measure. First of all, the
scientist should be aware of the fact that even the most appealing procedure may not be
free of ambiguities. Symmetry in equations may seem to recommend itself on aesthetic
grounds as an unquestionably worthy and fruitful goal. Yet those grounds will appear
somewhat shaky as soon as one considers that there is nothing symmetrical in the "golden
cut" or golden proportion in which ancient and modem artists have recognized something profoundly aesthetic. Also, an absolutely perfect symmetry is not applicable in rela·
tion to a physical universe in which nothing would move if there were not some basic
imbalance built into it.
To overlook such ambiguities will not come easily to those whose chief training is in
the one-way thinking of quantitative method and in nothing more complicated. They will
be swayed time and again by the staggering measure to which matter can be manipulated
through its quantitative properties. Science extends to wherever quantitative properties
can be found and is competent to handle them. Beyond that, science is not only
incompetent, but may be the source of most dangerous expectations. I have often stated
that over the entrance of every laboratory and department of science one should carve
the words of Maxwell, which I quoted above, about the severest test of the scientific
mind. To those words should be joined a warning by Polykarp Kusch, a Nobel·laureate
physicist "Science," he said, "cannot do a very large number of things, and to assume that
science may find a technical solution to all problems is the road to disaster."" To safeguard against such a disaster few considerations may be more effective in this scientific
age than a reflection on the limits of an otherwise limitless science.
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